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The process of hastening the coloring of lemons, known as forced curing or sweating, has a recognized importance among the growers and packers of citrus products, enabling them to place fruit on the market some weeks earlier than they would otherwise be able to do.
There has, however, been much dissatisfaction in connection with its use on account of the variability in the results obtained. The study here recorded was undertaken in the hope of ascertaining the effective factors present and of getting them under control. It is believed that this result has been brought measurably nearer and the general direction indicated in which a practical solution of the usual difficulties lies.
The investigation made concerns chiefly the process itself rather than the effect of the treatment on the essential qualities of the fruit, but these qualities are in a measure kept in mind. Although this study has pointed out certain fundamental considerations, the present publication does not attempt to apply the results obtained to the practical operations of lemon handling, since more detailed work on certain points is deemed advisable before such an application is made. Nevertheless On the other hand a considerable percentage will ripen before they attain the picking size, in which case they are known as " tree-ripes." This class of fruit is always graded out and kept separate, as it is necessary to handle it quite differently from the green fruit.
Being already fully colored and mature, it does not require curing and as a rule is shipped as soon as possible. These tree-ripe lemons constitute, as a whole, an inferior class of fruit, both as to appearance and keeping quality, and are largely consumed in near-by markets.
The term "curing" covers primarily the process which brings about the changing of the deep-green color to the rich, waxy, lemonyellow.
Since the color of the fruit is one of its principal attributes and determines in no small measure the price the fruit will bring on the market, this phase of lemon handling is an extremely important one.
The excellence of the color developed depends upon many different factors.
The condition of the fruit when picked determines to a considerable extent the success with which the desired color can be developed. Lemons which have begun to turn yellow on 232 7 one side or end will as a rule present a poorer appearance when cured than those which were uniformly green. The former have a tendency to develop a dull, brassy yellow, which is undesirable. Although the grade of the fruit is determined by other factors, such as shape, size, and texture, the color is of considerable importance.
Other changes concerning especially the internal properties and characteristics of the lemon take place during curing, which result in producing fruit that may be regarded as ready for market. When picked in the green state the rind consists of the epidermal cells and a rather thick layer of white, spongy material. The thickness of this inner layer varies greatly in individual lemons. Those which have a coarse appearance usually have a thicker layer than smooth lemons. As the ripening process proceeds an apparent increase in the quantity of juice present is seen. This is, of course, an important matter, as the value of the lemon for most purposes depends largely on the quantity of juice available.
This change is accomplished to a large extent through the curing process.
Furthermore, when properly cured in the packing house, experience has shown that besides the usual advantages of the treeripened fruit the cured lemon has a better appearance, better keeping quality, and a considerably thinner rind. Gasoline stoves.-The gasoline stoves are used in very much the same way as the oil stoves and are also of the usual kitchen types, gasoline being used as fuel. These stoves are very dangerous, owing to the inflammability of the fuel, and are not used to any great extent.
THE CURING PROCESS.
Gas stoves.-Gas as a fuel is used to a very limited extent in the citrus district.
It is burned in low horizontal stoves with large rosette burners. As far as providing the desired temperature is concerned these gas stoves are by far the safest and easiest to handle. There is no filling of oil or gasoline tanks and the heat can be well regulated.
In spite of all these advantages, however, the stoves can hardly be called a success, for reasons which will become apparent when the experimental investigations are discussed.
Wood stoves. Some attempts have been made to increase the effectiveness of the tents in holding the temperature and humidity by painting the canvas on the inside with a mixture consisting of 3 pounds of paraffin, 1 gallon of gasoline, and 1 gallon of boiled linseed oil, the whole being mixed and applied while hot. The practice of painting the tents is not followed to any great extent, however, possibly because the impression prevails that spontaneous combustion might result therefrom when stored in piles. The principal disadvantage of these tents for sweating purposes is obvious. Since the stoves are located within the same inclosure as the fruit, the latter is subjected to a somewhat higher heat immediately around the fires than in other parts of the inclosure, and the gases and hot air from the stoves are not distributed uniformly, all of which results in uneven coloring. To transfer the gases from the sweat room to these boxes a small air compressor was used. This compressor was mounted on the roof of the sweat room, the intake pipe being extended down into the sweat room about 3 or 4 feet. The pipe was prolonged by means of a stout rubber hose, which extended about 20 feet to the boxes, to both of which it was connected by a T-shaped arrangement.
The pump was driven by a small electric motor. The machinery was first tested in a preliminary way to find out, if possible, whether the physical qualities of the gases were affected by their passage through the pump. The pump was not working under compression, and no considerable heat was generated in the water-cooled cylinder. It was necessary to keep the plunger oiled, and consequently the gases as they passed through the pump came in contact with this oil, some of which was carried through the entire length of hose. It was found, however, that as they came out of the end of the hose these gases possessed the same characteristic odor they had in the sweat room. As the odor is one of the chief characteristics, this fact was deemed sufficient evidence that no radical change had been effected in the gases while being forced through the pump. It and standard grades are concerned. Therefore, the only factor necessary to consider in this lot was the color.
In studying the foregoing tabulation, it is found that in both boxes where the gases were applied without heat the percentage of insufficiently colored fruit was very small when the fact is taken into consideration that it was very dark green to begin with. In box 2, where the fruit was kept at a temperature similar to that in the sweat room, the coloring was not so perfect. This must not be taken to mean that the heat was necessarily a hindrance. The explanation may lie in the fact that possibly the distribution of the gases through the two boxes was not exactly the same. The fruit which was put in the regular sweat room to serve as a check was taken out a few hours previous to that in the boxes. The charts in figure 3 show graphically the temperatures that prevailed in boxes 1 In experiment 3 the application of artificial heat under box 2 was discontinued, both boxes 1 and 2 being subjected to the gases alone.
Box 3 was also discontinued. A modification was introduced, however, in regard to the humidity. In the previous experiments no attempts were made to regulate the amount of moisture in the boxes. The humidity in the regular sweat room was always very high, the sides of the room and the boxes often being covered with water resulting from condensation. Several attempts were made to keep records of the humidity by placing self-recording hygrographs in the room, but these machines refused to record accurately in an atmosphere so heavily laden with moisture. The few records obtained indicated that the air in the room was very nearly or entirely saturated.
As has been stated previously, this moisture was largely carried over with the gases through the pump ; consequently the condition of the atmosphere in the experiment boxes as regards humidity was very similar to that in the sweat room. The fruit was often covered with drops of water and the sides and bottoms of the boxes were very wet.
Inasmuch as the heat had failed to show any beneficial influence in box 2, it was deemed advisable to determine whether the humidity had any marked effect on the coloring of the lemons when used in the absence of heat. To show the effect of this humidity, box 1 was equipped with an arrangement by which the fruit and interior of the box could be kept dry. This was done by placing a tall, narrow, earthenware crock in one end of the box filled with about 5 inches of 232 strong sulphuric acid. The crock was provided with an earthenware cover having a hole in the center 1£ inches in diameter. The pipe carrying the gases from the pump was then extended through the top of the box and the end inserted into the crock through the small hole in the cover. This pipe was about five eighths of an inch in diameter, thus allowing considerable space for the air to pass out around it through the hole in the cover. The end of the pipe was extended some distance into the crock, so that the gases, as they were forced through the pipe by the pump, played upon the acid and then circulated up through the cover and thence through the fruit. It was hoped that by this arrangement the acid would absorb sufficient moisture from the gases to prevent the humidity in the box from exceeding that usually present in the curing tents. The fruit used was similar in every respect to that used in experiment 1, and after seven days it was sufficiently colored to be graded, though a small percentage of the very rough material was still somewhat green. It was found that the acid had effectually reduced the humidity in box 1 to a point where the fruit resembled that under tent conditions, both as to appearance and touch. There was no condensed water on the fruit or on the sides of the box, and the paper lining which had hitherto been soaked with water was now quite dry.
The conditions in box 2 were the same as before. These results clearly indicate that high humidity is not an essential factor in the coloring of lemons. This must not be understood to mean that moisture can be dispensed with entirely, since, as has been pointed out elsewhere, a certain amount of it is necessary in order to keep the fruit from wilting. The degree of humidity necessary for this purpose, however, is from 20 to 25 per cent less than that usually present in the sweat rooms. Figure 4 shows the record of temperature in the two boxes during the experiment. Experiment 4 was an exact duplicate of experiment 3, so far as it concerned the treatment of the fruit. The fruit used, however, was noticeably darker in color. After 10 days it was ready for grading, although from box 1, in which the humidity was kept low, the fruit THE FOBCED CUEING OF LEMONS.
could have been taken out a day earlier than from box 2. The cause of this slight difference was not apparent, but was probably due to an unequal distribution of the gases. These results again indicate that high humidity exerts no influence on the coloring of lemons. It has been the experience of lemon men that when the fruit is kept in the sweat room after the desired color is acquired there is a tendency to develop a poorer, "brassy" yellow. In other words, the process seems to go too far and the fine, soft, waxy yellow color is injured. This is known as overcoloring and is very liable to happen to lightgreen fruit when it is placed in the same room with dark-green fruit and handled under the same conditions, unless it is carefully watched. In experiment 4 an interesting point was brought out in this connec- A small lot of light-green fruit was placed in box 1 with the dark-green material. Upon examining the lemons in this box on the sixth day it was found that the light-green fruit was fully colored. It was left in for further treatment until the experiment was completed four days later by the coloring up of the dark-green fruit, but these additional four days seem to have had no effect on the fruit already colored, for the color was perfect in every respect. The conditions of experiment 5 duplicated those of experiment 4, dark-green fruit being used. Nine days were required to produce the desired color, and a slightly better color was developed in box 1 . Experiments 3, 4, and 5 served to bring out some facts concerning another very important problem of the forced curing process, namely, the loss of the stems, which subject will be taken up later.
APPLICATION OF HIGH HEAT AND HUMIDITY, WITH THE ELIMINATION OF GASEOUS PRODUCTS.
The experiments, which have just been described, were based upon the application of the gases from the sweat room in the absence of high heat and humidity, and it has been shown that lemons can be successfully colored under such conditions. The experiments now to be considered are exactly the reverse, namely, the application of high heat and humidity without the gases from the sweat room.
In experiment 6 a galvanized-iron box of the same size and construction as box 2 used in the previous experiments was filled with dark-green fruit. In order to exclude the outside air and gases from the box a water trough was constructed around the top of the box into which the edge of the cover dipped, making an effective water seal.
This box was placed in a sweat room heated in the usual way by means of stoves in order to secure a sweat-room temperature in the box. Before the box was closed the fruit was sprinkled with water in order to insure sufficient moisture. A check was provided by placing in the sweat room two boxes containing lemons similar to those placed in the iron box and exposing these freely to the conditions prevailing in the sweat room. This check fruit was colored in six days, at which time the experimental box was opened. By means of thermometers it was known that the temperature in the experimental box had been maintained steadily between 92°and 96°F . Much water had condensed on the fruit and a considerable quantity had collected on the bottom of the box. It was plain, therefore, that so far as heat and humidity were concerned, the fruit had been subjected to the same conditions as the check. However, the fruit was as green as when it was put in. 
PIPING GASEOUS PRODUCTS TO DISTANT ROOMS.
In view of the fact that the experiments with regard to the action of gaseous combustion products on the coloring of lemons had thus far been conducted only in a small way, it was deemed desirable to experiment on a larger scale, making use of the facts already learned.
In the work with box 3 in the early experiments, it had been found that with a proper system of pipes the gaseous products of the sweat room could be conducted to neighboring rooms by natural draft, and this scheme was therefore adopted. By reference to this experiment it will be found that the humidity in box 1 was kept normal, while in box 2 it was very high. In both boxes all the stems were off. As has been stated above, the humidity and temperature in box 1 were very nearly like that in a curing tent.
Here, then, we have a total loss of stems under practically tent conditions of heat and humidity. 
